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water enough should descend and he absorbed by the intensely hot crushed mass, it
would he raised to a very high temperature, and, on sufficient diminution of pressure,
would flash into steam and produce the commotion of a volcanic eruption.
This ingenious theory requires the operation of sudden and violent movements, or
at least that the heat generated by the crushing should be more than can be immediately
conducted away through the crust. Were the crushing slow and equable, the heat
developed by it might be so tranquilly dissipated that the temperature of the crust
would not be sensibly affected in the process, or not to such an extent as to cause any
appreciable molecular re-arrangement of the particles of the rocks. But an amount of
internal crushing insufficient to generate volcanic action may have been accompanied
by such an elevation of temperature as to induce important changes in the structure of
rocks, such as are embraced under the term " metamorphie."
Ey common consent geologists have recognised that the source of
volcanic energy must be sought in the high temperature of the interior
of the globe. They agree that the main proximate cause of the
ordinary phase of eruptivity marked by the copious evolution of steam
and the abundant production of dust, slags and cinders from one or
more local vents, is obviously the expansive force exerted by vapours
dissolved in the molten magma from which lavas proceed. Whether and
to what extent these vapours are parts of the aboriginal constitution
of the earth's interior, or are derived by descent from the surface, is
however a question on which opinions differ. The abundant occlusion of
hydrogen in meteorites, the discovery of large volumes of this and other
gases within the minute pores of many different kinds of rock (ante, p. 142),
and the capacity of many terrestrial substances, notably melted metals,
to absorb large quantities of gases and vapours without chemical
combination, and to emit them on cooling with eruptive phenomena not
unlike those of volcanoes, have led some observers to conclude that the
gaseous ejections at volcanic vents are essentially portions of the original
constitution of the magma of the globe, and that to their -escape the
activity of volcanic vents is due. Professor Tschermakl in particular has
advocated this opinion, and it has been adopted by other able observers.2
On the other hand, since so large a proportion of the vapour of
active volcanoes consists of steam, many geologists have urged that this
steam has in great measure been supplied by the descent of water from
above ground. The floor of the sea and the beds of rivers and lakes are
all leaky. Moreover, during volcanic eruptions and earthquakes, fissures
no doubt open under the sea, as they do on land, arid allow the oceanic
water to find access to the interior.3 Again, rain sinking beneath the
1  Professor Tschernuik has suggested that if 190 cubic kilometres, of the constitution of
east-iron, be supposed to solidify annually, and to give oft' 50 titties its volume of gases, it
would suffice to maintain 20,000 active volcanoes.    8itz. Akad. Wisften. Wien, Ixxv. (1877),
p. 151.    A. C. Lane, "Geologic Activity of the Earth's originally absorbed Gases," Bull.
Geol. Soc. Amer. v. (1894), pp. 259-280.
2  See, for example, Beyer's 4Beitrag zur Physik der Eruptionen,' Vienna, 1877.    Stiibel,
as the result of his long-continued study of volcanoes, alike in the Old and the New Worlds,
has come to the confident conviction that volcanic eruptions do not depend upon any source
from outside, but that tlie magma is itself the cause and source of the energy ("dereu
Ursache und Tnigerin das Magma selbst ist ") ; ' Vulcanb. Ecuador,' p. 358.
3  Professor Moseley mentions that during a submarine eruption off Hawaii in 1877 "a
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